Abstract: Nowadays, Intelligent Network becomes inherent in fixed and mobile networks to provide Personal Communications Services, which mainly require mobility and interworking mechanisms.
All these procedures provide operations to users. Some operations are exclusively designed for service provider (e.g. modify or display some crucial and confidential data in the service profiles of end-users). Other operations, authorized by service provider, enable subscribers to define some restrictions on their end-users (e.g. restrictions on access points or destination numbers). Most of the operations may be proposed to subscribers (e.g. operations of end-users on their mobility, on their service profile) as basic services; the other operations could constitute additional procedures for supplementary services (e.g. specific operations to control calls as variable routing and conditional forward).
Information for PCS could be listed as follows in the non exhaustive table 1.2. This table shows seven kinds of data used to characterize: logical entities -i.e. mobility, charging and security-and physical entities -provider, subscribers, end-users, network and terminal-. Data may be displayed, modified and activated by the users according to their status (Provider, Subscriber or End-User). 
Requirements
Telecommunications platforms have to provide main functional requirements in order to supply PCS. Some requirements are specific to PCS service providers and others need agreements and cooperation between PCS service providers.
• Service profile management This requirement may be realized by the database system, which controls the access and the handling of data.
The service profile management functions keep the consistency of information in service profile.
• Billing
This requirement is PCS service provider billing policy dependent. The billing functions deal with bills, counting and charging.
• Security
Obviously this requirement is specific to each PCS service provider. The security functions provide the mechanisms of identification, authentication and eventually ciphering of user information. Services have to be provided in a safe way for the user and the network. For the user it means that the network will guarantee that a fraudulent person will not use the user profile and the users access to data. As a consequence the exchanges between the network and the user will be encrypted. For the network it means that each user will be authenticated to be sure that the user willing to access to the network is allowed to benefit from this specific service.
• Mobility This requirement concerns one or several PCS service providers. The mobility functions have to control the location of PCS end-users, the use of terminal equipment and the availability of PCS anytime and anywhere.
Global mobility is necessary in order to have PCS continuously provided wherever the user is.
Global mobility is composed of three parts: terminal mobility, personal mobility and service mobility.
Terminal mobility is the ability of a wireless terminal to access telecommunications services from several locations even if it moves and the capacity of the network to identify, locate and track that terminal. Depending on the terminal design, some of the mobile terminal functions may reside on an (easily) removable and portable Identity Card device or a smart card. Terminal mobility is associated with wireless access and requires that the user carries a terminal and is within the radio coverage area.
Personal mobility is the ability of a user to access telecommunications services on any terminal (wireless or wireline) on the basis of a personal number and the capability of the network to provide those services according to the users service profile. Personal mobility involves the network capability to locate the terminal associated with the user for the purposes of addressing, routing and charging the users calls.
Service mobility (or service portability) refers to the network capability to provide subscribed services e.g. users individual service profile at the user designated terminal/location, and to identify the user at any access location by supporting terminal and/or personal mobility. The exact services the user can invoke at the designed terminal depend on the capability of the terminal at that location and on the network serving the terminal.
• Interworking
This requirement involves several PCS service providers. The interworking functions process the cooperation between networks, whichever type of networks they are (fixed or mobile). Interworking between fixed networks and mobile networks like GSM has also to be seamless to the user e.g. the user will be able to go on using a certain service even if he changes of type of network. The definition of this requirement has to allow for service profile management, billing, security and mobility requirements. 
INTELLIGENT NETWORK APPROACH FOR PCS

PCS in fixed networks
So, modeling PCS in IN means that services are specified with entities associated to INCM in each of the four planes.
In the SP, PCS are defined thanks to pre-existent elements called Service Features (SF). They are not dedicated to a single service but they could be used to specify several services. In CS-1, SF have been identified and PCS could include the following SF (this set of SF is not exhaustive):
• Originating Call Screening (OCS);
• Terminating Call Screening (TCS);
• Personal Numbering (PN);
• Customer Profile Management (CPM);
• Customized Recorded Announcement (CRA);
• Call Forwarding (CF);
• Authentication (AUTC);
• Automatic Call Back (ACB).
In the GFP, PCS are built from SIB, which are placed at service designers disposal in their creation environment. Thus, one SIB may be assimilated to a «black box», in which parameters are entered in order to realize a specific processing. Finally, in this plane the development of PCS is done by describing a sequence of CS-1 standardized SIB in order to generate its Service Logic (SL).
In the DFP, PCS are decomposed into Functional Entities (FE) distributed in an IN environment. In the PP, FE of DFP are contained in PE called SMP, SCP, SSP and IP (figure 1).
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Charging information is then sent to SMP in order to be stored and processed later for bills.
The security functions are achieved in SCP through the SCF. The SCF identifies and authenticates PCS users by interrogating their service profile.
The mobility and interworking functions are not obviously identified and defined. CS-1 begins to deal with the aspect of interworking by specifying possible relationships and interfaces between FE in the DFP, gateway functions used to access to the PCS service logic of another network or to enable the pieces of PCS service logic of different networks to communicate. Now, mobility and interworking functions constitute main subjects, on which CS-2 and CS-3 focus.
In fixed networks based on IN, the user already benefits from personal mobility: UPT. Terminal mobility will be provided with the introduction of mobility management procedures in INAP at the end of this year (core INAP CS2). The project concerned is Cordless Terminal Mobility (CTM). CTM allows cordless terminals, based on DECT technology, to be used to communicate via any compatible base station, using a single service registration. Even if the mobility provided by a CTM terminal is not comparable with the mobility provided by a GSM terminal, CTM will provide a good quality and attractive service for business and private subscribers.
CTM has to be considered as a basic complementary service and not as a competitor to the service offered by cellular networks. In addition, CTM will propose a mobile telecommunications service, suitable for a mass market, without requiring the large radio spectrum needed for cellular telecommunications in an equivalent market. In principle, CTM will be able to support all the telecommunications services, available on fixed networks. Moreover, CTM will allow users of cordless terminals to move between base stations, between cells (roaming) and within the radio coverage of base stations during calls (handover).
However it is important to note that the standardization is still on going. Several types of roaming have been studied but not the handover. In addition, the service of mobility has not been implemented yet. Service mobility will be provided by IN thanks to the flexibility, independence of the services from the implementation (services can be reused on another platforms). More information could be found in [NA-10039] .
PCS in mobile networks
This section is focused on mobile networks like Global System for Mobile communications (GSM). Cordless systems, like Digital Enhanced Cordless Telecommunications (DECT) offer mobility -a quite restricted mobility limited to an office or a house-but they provide PCS so they will be tackled. First generation of cordless systems is characterized by analogue wireless terminals with very restricted mobility (they are used only at home) and poor services provided. Digital technology appears with CT2, DECT and Personal Handyphone System (PHS) allowing the deployment of radio coverage compatible between home (domestic base station), office (wireless PABX) and street (public base station). Technical complexity is rather low but to access the service the user needs to be near the base station. Introduction of CTM in fixed networks facilitates wireless personal mobility within the three different environments described above.
First generation cellular networks were the first networks enabling a mobile user to access and to use continuously a telephone connection anywhere in the service area of a mobile network operator. Such analogue systems include the Advanced Mobile Phone System (AMPS) in the United States, the Total Access Communication System (TACS), a modified version of AMPS, mainly used in the United Kingdom, the Nordic Mobile Telephone (NMT) system, prevalent in the countries of northern Europe and R2000, the French standard.
The provision of services got improved considerably with the introduction of second generation cellular networks. Digital technology was introduced with GSM and DCS1800 (GSM version for higher frequencies) in Europe, D-AMPS (the digital version of AMPS) in USA and a similar system, Personal Digital Cellular (PDC) in Japan. The terminal being linked to the car for the analogue cellular systems became for the digital cellular systems portable and as such can be used at home or in the office. The GSM terminal is now a personal terminal.
A third type of system providing PCS is satellites. Satellite systems provide telephony with a large coverage and as a consequence they make a complement to the systems previously described.
Second generation of cordless systems like DECT or PHS pave the way to a real provision of services without any wire as they provide services completely different from those provided by the previous systems. In particular, the DECT radio environment has been designed for: cordless telephones for use in private residences, télépoint and wireless local loop services, cordless PABX applications, on-site cordless data services. With DECT or PHS terminals, it is possible to make and receive phone calls, transmit and receive data. Moreover the quality of services is really significant in comparison with the first generation cordless systems. But, they dont offer a global mobility. It has to be noted that cordless systems are most of the time linked to fixed networks and as a consequence terminal mobility is not completely provided. The user of a DECT or PHS terminal can move but this mobility is not comparable to the mobility, which characterizes GSM terminals. Personal mobility is provided but is not total since the same number is not kept when changing from a DECT/PHS terminal to a GSM terminal. Service mobility is not fulfilled.
Interworking between cordless systems and cellular networks is not realized. For instance, if a user wants to use the same service with a DECT/PHS application and with a GSM application, he will have to change terminals. Roaming between these two types of networks is not provided even if it is necessary in order to make the continuity of services. However at the time being GSM/DECT multi-mode handsets are already available from some manufacturers. DECT technology seems to have the potential for outdoor local mobility but it is unsuited to wide-area mobility. In this sense it complements GSM.
Note that DECT is only a radio access technology and as such may be linked to a network like the GSM with interworking links.
Security is also provided since authentication and encryption are used in DECT.
Charging is dealt by the network to which the terminal is linked.
In mobile networks like the GSM, global mobility is not totally covered. Terminal mobility is well provided.
But personal mobility is not completely fulfilled since even if interworking between fixed and mobile networks is possible, the same number is not kept. Service mobility is not covered since a user cannot use all the services he has subscribed in any domain he is visiting. Data transmission is also possible with GSM. New services have been introduced in GSM: Short Message Services, transmission of data at 9.6kb/s.
Interworking has already been discussed above. A question has to be mentioned: are mobile networks able to realize all the services that fixed networks propose? Do mobile networks have all the necessary functions to execute the services provided by fixed networks? A new concept called CAMEL, which is described afterwards, introduces a solution to this issue.
Security, a fundamental aspect of networks, exists in GSM thanks to authentication and encryption.
Charging is well done in GSM except the tromboning effect, explained hereafter. A user has subscribed in France. If he goes to Germany and his German friend makes a phone call to him, the call will be routed from Germany to France and then from France to Germany, wasting signaling resources.
To sum up, the provision of PCS in cordless and cellular systems is not easy. Cordless systems like DECT present flexibility since most of the time the network to which the DECT terminal is linked is fixed.
Nevertheless cordless systems lack mobility. Cellular systems like GSM present a good mobility but lack flexibility.
In addition, in GSM, the same entity can be used for several functions. Thus the MSC is involved in mobility and in switching. The HLR and the VLR are both a database and an entity containing service logic. On the contrary in IN, there is one functional entity per function that gives a greater degree of flexibility than in the GSM architecture. For instance, the SSF is involved in the switching. The clear distinction between service control logic and the database (via the SCF and SDF) aids transparency and efficiency in the network.
The architecture of the GSM is not very flexible. For instance, MSC, HLR and VLR are difficult to modify.
The standardization process of GSM is quite cumbersome.
These last points dont facilitate the evolution of this system and the introduction of new Personal Communications Services.
However, the GSM could be considered as a partial intelligent network because it exhibits: an open architecture, a separation between HLR (service control and subscriber data storage) and MSC (switching functions) equivalent to the separation between the SCF and the SSF; a full use of SS7 for the signaling and clearly defined and specified interfaces.
When looking at the GSM physical entities and the IN functional entities, a mapping could be made between them. For instance the HLR controls the mobility management procedures and stores the user profile. As a consequence it is equivalent to a SCF and a SDF. The VLR as being a database and presenting some control logic can be mapped to a SCF and a SDF. The MSC is involved in switching and call control so can be mapped to a SSF, a SCF and a CCF. In the mobile station (MS), control logic, data control and interface to the user are needed. As a consequence a Mobile Storage Function (MSF), equivalent to a SDF, a Mobile Control Function (MCF) equivalent to a SCF and SSF, CCF and CCAF are necessary in the MS.
Nevertheless some services provided by GSM like call forwarding service are tied to the GSM standard and as a consequence a service personalization is difficult in such a system. On one hand a feature transparency is guaranteed by using the same standard, like in GSM. On the other hand, it will be probably difficult for the existing amount of competing operators and vendors to agree on additions or amendments to the standard, so that the operator or vendor specific solutions will have to be adopted.
As a consequence in GSM there is neither independence from the services nor independence from the implementation. So a clear need of more flexibility in mobile networks has been identified to provide PCS wherever the user is, at any time and whichever type of terminal used.
UNIVERSAL COMMUNICATIONS SYSTEMS Evolution of existing systems
As already underlined above, GSM, DCS1800, CT2 and DECT pave the way to the creation of networks which will provide PCS for the end of the century. Limitations due to the diversity of these systems could be bypassed to offer PCS with the use of multi-mode terminals (GSM-DECT, GSM-satellites) or with subscriber cards usable on several terminals and infrastructures at the expense of a complex realization and use of the service for the customer.
But the throughputs are still limited: 9.6kb/s for the GSM (some studies have been undertaken for 14.4kb/s) and 552kb/s for DECT (this value can be reached in theory with a specific profile).
In addition new concepts related to GSM have been introduced to deal with higher throughputs. High Speed Circuit Switched Data (HSCSD) allows any user to transmit or receive switched data up to 76.8kb/s.
Throughputs bigger than 64kb/s are foreseen but the work on this concept is not so advanced at the moment.
The second concept is named General Packet Radio Service (GPRS) and contrary to HSCSD, the GPRS uses packet switching. It means that the same resource can be shared by various mobile users. Throughputs a little higher than 120kb/s can be reached. GPRS is therefore ideal for bursty data applications such as e-mail and access to on-line services. HSCSD is better suited to large file transfer and multimedia applications like mobile video.
ETSI has standardized supplementary services like call forwarding for GSM. These services are provided by different network operators in the same way. In order to differ from the competitors, more and more network operators want to create their own services. For that, it is necessary to modify the MSC and add new servers. In this case, a subscriber roaming in another network, using a switch not modified, will not be able to benefit from the service. are evolving to IN in order to speed up service development and deployment. With CAMEL, GSM will benefit from a development of services faster than in a switch. And another entity than the network operator (a service provider for instance) will be able to propose services to the subscribers.
CAMEL is a network feature and not a supplementary service. It is a tool to help the network operator to provide the subscribers with the operator specific services even while roaming outside the HPLMN.
In addition CAMEL is considered as a pre Virtual Home Environment (VHE). The concept of VHE is linked to roaming. When a user moves from his home network (i.e. the area in which he has subscribed) to another network (in another country for instance) he may not benefit from the same services. And as a consequence roaming will be equivalent to a degradation of services and dont pave the way to PCS. The VHE concept aims at providing the user with a comprehensive set of services, features and tools, which have the same look and feel whether they are used at home or abroad. However it has to be considered that even if GSM is evolving it will not be able to cope with the needs and requirements of the users of the future. In addition there is a need to develop a new system which will be universal since it will merge all the existing standards and systems. And it will propose some enhancements to these existing systems to satisfy the user of the future, who really wants to benefit from universal personal wireless and multimedia communications. The user of the future wants with the same terminal to be able to communicate in all environments: home, office, street, car, train,... Today being a real nightmare; compatibility between different systems and standards will become a reality in the future. • the Processing Architecture defines the Distributed Processing Environment (DPE) on which telecommunications services are realized;
• the Service Architecture develops concepts and principles to design telecommunications services;
• the Management Architecture provides concepts and principles to manage logical and physical entities of the TINA infrastructure. UMTS/IMT2000 are the realization of a new generation of mobile communications technology for a world in which PCS will allow person-to-person calling, independently of location, the terminal used, the means of transmission (wired or wireless) and the choice of technology. UMTS and IMT2000 will support PCS. PCS will be based on a combination of fixed and wireless/mobile services to form a seamless end-to-end service for the user.
The initial purpose of UMTS (and IMT2000) is to provide significant advances beyond the first and second Telecommunications for the year 2000 (IMT2000). So the new acronym IMT2000 will be used in the text.
These two standards broadly align.
of services including high bit rate data and audiovisual services and use of a single terminal in different radio operating environments. However, there is already a significant and rapidly rising investment in digital cellular and cordless telecommunication systems.
The initiative to develop UMTS/IMT2000 must be seen as a part of the policy to provide advanced, transparent, fully interoperable and integrated PCS.
Third generation of mobile systems will be deployed in areas already covered by existing systems, leading to the necessity of maximising services and applications in a common way with the other systems. It also needs to be an open system for the creation of new services and applications on demand with a quality of service at least comparable with the quality of service offered by wired networks. Services will be available in all situations in which a user may be found, indoors or outdoors and ranging from dense urban situations -including high intensity office use-through suburban and rural areas to those situations found in remote areas. Land, maritime and aeronautical situations are included so that the user in a vehicle, on a ship, or in an aircraft will have continuous availability of services. Networks will have to deal with communications not only between fixed terminals but also between persons and provide a service of mobility adapted to the customers needs, to the place in which he is and to his motions. The subscriber will have unique personal pocket telephone usable at home, in the office, while moving in car or walking in the street, in public areas, in plane...
Thanks to his unique personal number, the only one number known by his callers, he will be reached everywhere in Europe or in the world. On his pocket terminal or on another terminal, calls could be routed through several networks.
Global mobility is not far away.
Services range from basic wide area paging, through voice telephony (probably the prime requirement of the personal mobility), digital data services, to audio and visual communications. The actual services obtained by a user depend on his terminal capabilities, his subscribed set of services and the service set provided by the relevant network operator. Services requiring high transmission rates are most likely to be found in high density areas such as business centres.
PCS may evolve to include cellular and cordless access techniques to cover in a uniform way outdoors and indoors. The deployment of very small cordless cells may offer the most attractive solution for high capacities, but the challenge is to present service seamlessly to the customer, who will be concerned with usefulness, convenience and value for services that can be accessed independently of the technology used. PCS will also have a satellite component to provide global coverage where conventional terrestrial deployment cannot reach and to provide services through personal satellite handheld terminals.
Accordingly to the commission of the European Communities (CEC), PCS envisage the future offering of a range of telecommunications services that are able to be flexibly tailored and packaged to meet the needs of people, allowing them to communicate independently of their location or access method.
From a technical perspective, the key to develop and implement new services efficiently, in a flexible way and to differentiate in competitive markets is to use IN. The telecommunications market shows its strong interest for more sophisticated services beyond basic voice telephony. Individual customers are exhibiting their particular personal telecommunications profiles, which define the type of services subscribed including for instance the time of the day these services are used and which mobility feature is used. The ability to fulfill these needs and to provide new sophisticated services and mobility platforms stems from IN investments by network operator. If effectively deployed, this ability will offer significant added value to customers and allow competitive differentiation to occur. New functional entities have been added to the IN functional model in order to deal with specific UMTS requirements. They are the MSF, the MCF, the MCCF, the TACAF, the MBCF, the SCAF, the RBCF, the RACF, the BCF, the SRBCF and BCAF.
The Functional Entities (FE) of the Generic Functional Model can be classified regarding four items: service management, service and mobility control, call and bearer control and radio associated control.
Radio resource management is modeled separately from the basic UMTS Functional Model (not shown) and consists of two parts: the Radio Resource Control plane and the Radio Transport plane.
Only mobility and interworking aspects will be studied. The FE related to other aspects will not be described.
SDF, SCF, SCAF, MSF and MCF are the FE related to service and mobility control. The SDF handles storage and access to service related data and network data and provides consistency checks on data. The SCF contains the overall service and mobility control logic and handles service related processing activity. The SCAF manages non-call related services and acts as a mediator between the terminal (MCF) and the network (SCF).
It screens incoming messages from the terminal side for non-call related procedures and provides information broadcast facilities. The MSF is a pure data storage function at the mobile side of the radio interface. The MCF contains the service logic and service related processing required at the mobile side of the radio interface. As a consequence these five functional entities are involved in service profile management, mobility and interworking matters.
At the time being, the standardization is still on going. The protocols used for the communication of the functional entities are not defined yet. Two types or three types of protocols are possible: INAP, MAP or a mixed solution.
As it was already mentioned above, global mobility will be offered in UMTS thanks to IN.
Global mobility means that the user can use any service any time, anywhere through networks. Furthermore, global mobility makes necessary interworking between networks. For instance, service profile transfer requires interworking between networks to manage (i.e. retrieve, update, create and delete) data in a remote network.
The functional model shown in figure 4 can refer to the functional architecture of fixed or mobile networks. In this sense, interworking can rely on CS-2. CS-2 addresses the interworking relationships: Service Control Function (SCF)-SCF, SCF-Service Data Function (SDF) and SDF-SDF. These types of relationships can be considered as candidates for data management in a remote network. In UMTS/IMT2000, SCF-SCF relationship should be used for interworking between networks because service control across several networks is needed for terminal and personal mobility.
Thus, the functional model used in UMTS can pave the way to the integration of fixed and mobile networks.
Billing and security aspects are studied in standardization bodies (ETSI and ITU) but the work on these two subjects is not very well advanced because of the complexity. For each network operator has to protect his interests (his information and his investments).
CONCLUSION
This article has underlined that several types of networks relying on different technologies can support PCS. PCS requirements have been described. IN seems to be a convenient and efficient concept to fulfill users needs regarding the use of PCS in fixed and mobile networks. In addition, IN provides interworking capabilities to networks allowing the provision of PCS in a uniform way whichever supporting network used. These interworking capabilities pave the way to the convergence between fixed and mobile networks. Last, future communications systems will take benefit from IN, this very interesting concept to provide PCS.
